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Abstract
This study attempted to introduce the bio-processes in the conventional scouring and bleaching preparation of cotton. The scouring with
two types of pectinases, acting under acidic and alkaline conditions respectively, was as efficient as the chemical process in terms of obtained
adequate water absorbency of the fabrics. The necessity of surfactants application in scouring was outlined. Bleaching of the fabrics was
performed with hydrogen peroxide, which was enzymatically produced by glucose oxidase during oxidation of glucose. The aeration plays
an important role in the enhancement of the enzyme reaction, so that the quantity of generated peroxide is sufficient to overcome the
stabilizing effect of the glucose and protein in the subsequent bleaching. A closed-loop process reusing starch containing desizing baths in
a single step scouring/bleaching operation with enzyme-generated peroxide was performed. © 2001 Elsevier Science Inc. All rights
reserved.
1. Introduction
The processing of raw cotton in order to improve its
performance in further finishing stages consists of three
consecutive steps: desizing, scouring and bleaching. The
scouring of the cotton fabrics is a process, which aims to
improve the absorbency and the whiteness of textile mate-
rials, removing from the fibres the non-cellulosic natural
matter, i.e. fats, waxes, pectines and proteins [1,2]. Waxy
materials and pectins are responsible for the hydrophobic
properties of the raw cotton [3]. The efficiency of the scour-
ing process is directly related to the success of the subse-
quent wet processing operations such as bleaching, dyeing,
mercerising, and finishing [4]. Traditionally, this prepara-
tion process was performed in alkaline medium at boiling
temperature. Alkaline scouring consumes large quantities of
alkali and requires an extensive rinsing process that loads
the washing effluent with environmentally harmful chemi-
cals. On the other hand cellulose is susceptible to oxidation
damage under these treatment conditions [5], which might
result in decreased tensile strength of the fabrics. Alkaline
scouring may also cause fabric shrinkage and changes in
physico-mechanical properties of fabrics, e.g. their handle
[2]. Another chemical approach for scouring is the extrac-
tion with non-polar organic solvent in closed systems [5,6],
which removes entirely the waxes, but all the pectin is left.
Several attempts have been made to replace the conven-
tional alkaline boiling with enzymatic systems working at
milder conditions. Different individual enzymes and their
mixtures were studied—pectinases, cellulases, proteases
and lipases [4,7–11]. Pectinases appear to be the most suit-
able enzymes for this purpose, being capable of depolymer-
ising the pectin, breaking it down to low molecular water-
soluble oligomers [12], and thereby improving the
absorbency of the textile material, without causing cellulose
destruction. Cellulases evaluated for the same application
provoked weight, and strength losses [3,7].
The next step, following scouring in textile processing is
the bleaching process. The greyness of cotton is due to the
natural pigments and matter present in the fibres. The most
common bleaching agent nowadays is hydrogen peroxide,
which is dosed in excess to the fibres. Alternatively, the
peroxide could be produced in situ by enzymatic system
glucose oxidase/glucose [13]. Glucose oxidases generate
hydrogen peroxide in the presence of oxygen in aqueous
solutions, using glucose as substrate. Problems have been
reported concerning the maximum bleaching power of the
peroxide. The substrate for glucose oxidase (glucose) in this
process was coming from enzymatic desizing with amyl-
ases. Similar systems were used for bleaching purposes in
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detergent compositions, to produce controlled rates of hy-
drogen peroxide [14,15]. The gluconic acid produced in the
enzyme reaction acts as a chelator for metal ions. However,
there is still no bleaching process based on enzymatic per-
oxide generation, which has found industrial application.
The implementation of enzymatic systems in the prepara-
tion of cotton is advantageous in terms of decreased water-,
chemicals-, and energy consumption, reuse of desizing
waste baths, milder process conditions, and environmentally
friendly processes. Hence, the objective of the present re-
search was to develop an enzymatic process for scouring
and bleaching of cotton fabrics, based on the use of both
acidic and alkaline pectinases, and glucose oxidase.
2. Materials and methods
2.1. Substrate
In the experiments starch sized or desized, plain-woven
100% cotton fabric, 120 g/m2, was used.
2.2. Enzymatic desizing
Starch sized fabrics were treated with a commercial
amylase (Rapidase L40) 1 g/liter, 70°C, 60 min, at pH 5 in
0.1 M acetic buffer.
2.3. Enzymatic scouring
The fabrics were scoured with two types of pectinases:
an alkaline bacterial pectinase-Bioprep 3000L (NOVO Nor-
disk) 20 APSU/g cotton, with pectate lyase activity in 0.05
M phosphate buffer pH 8, at 55°C and an acid fungal
pectinase-Pect 062L (Biocatalysts) 70 U/g cotton, with po-
ligalactorunase/pectate lyase activity in 0.1 M acetate buffer
pH 5, at 40°C, for two hours in the presence of 0.1%
non-ionic surfactant Sandozin NIA (Sandoz). The evalua-
tion of the scouring result was performed monitoring the
water absorbency and the weight loss of the fabrics as a
result of the enzymatic process. Dyeing experiments to
evaluate the effect of the scouring were carried out with a
cationic dye (C.I. Basic Blue 45), 0.112 g/liter, 90°C, 30
min.
2.4. Fabric water absorbency
Water absorbency was evaluated according to an
AATCC Test Method 39–1980 (Evaluation of Wet-ability
[16]). Wetting time less than one second was considered as
indication of adequate absorbency of the fabrics [17].
2.5. Weight loss evaluation
At the end of the bio-treatment, the fabrics were removed
from the liquor, boiled to inactivate the enzyme, washed
thoroughly, and dried followed by weight loss determina-
tion. The relative humidity factor calculation was adopted
for weight loss estimation. Aliquots were dried at 80°C for
one hour, and then weighted to determine the humidity
factor.
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2.6. Standard scouring process
Alkaline scouring was carried out at boiling in sodium
hydroxide solution (0.2 M) with 0.1 g/liter of surfactant.
2.7. Enzymatic production of hydrogen peroxide
Production of hydrogen peroxide by glucose oxidase
(Sigma) and D()-Glucose (Merck) proceeded at pH 5 in
0.1 M acetic buffer, and 35°C, with aeration (5 liters/min)
through a glass tube introduced into the solution, at constant
stirring, until sufficient level of peroxide concentration was
reached. Hydrogen peroxide concentration was determined
by titration with a standard 0.1 N KMnO4 solution in acidic
medium.
2.8. Standard bleaching process
The fabrics were bleached following the recipe: silicate
(Na2O/SiO2)- 3.5% o.w.f. (of weight of fabric), Na2CO3 1%
o.w.f., NaOH 1% o.w.f., and 35% H2O2-4% o.w.f., for 1 h
at 90°C. All the desizing, scouring and bleaching experi-
ments were carried out in triplicate in an Ahiba Spectradye-
Datacolor dyeing apparatus at a liquor ratio 20:1. Samples
weight was 2.5 g.
2.9. Fabric whiteness
The whiteness (CIE whiteness), K/S (coefficient of ab-
sorbed light/coefficient of scattered light), and the colour
differences (E*) of the bleached fabrics were determined
using a reflectance measuring Datacolor apparatus at stan-
dard illuminant D65 (LAV/Spec. Incl., d/8, D65/10°).
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3. Results and discussion
3.1. Bio-scouring
3.1.1. Effect of the surfactants in pectinase scouring
A study on the effect of the surfactants in the bio-
scouring process of cotton fabrics was carried out. Fabrics
were treated for two hours with either acidic or alkaline
pectinases at the corresponding conditions with 0.1% non-
ionic surfactant added. The non-ionic surfactant have been
shown to be compatible with the enzymes [18], and en-
hanced considerably the scouring effect (Table 1) due to the
reduced surface tension of the fibres and easier penetration
of the enzymes into fibres micropores and cracks. After-
wards the surfactant maintains the enzyme in the liquid
phase, making it available for further catalytic action [18].
Without good wetting of the substrate the scouring effect
was insignificant. Thus, the surfactant is a necessary com-
ponent in the enzymatic composition for scouring and
seemed to have a high impact in the removal of waxes and
fats, while the enzyme facilitates the removal of the pectic
substances.
3.1.2. Evaluation of the scouring effect
Both the alkali and acid pectinases were found to be
equally efficient in terms of improved absorbency as the
conventional alkali scouring. However, the weight loss in
the enzymatic process was lower by 25–27%. Lower dosage
of the alkaline pectinase (20 APSU/g cotton) in contrast to
the acidic enzyme (70 U/g cotton) was required to achieve
the desired fabric properties. To estimate the removal of the
natural matter from cotton, the fabrics were dyed with a
cationic dye, substantive to pectic substances, and proteins
[7,19]. All bio-treated samples were slightly dyed (low K/S
values), which indicated a decrease in the proteins and
pectin content of the fibres. Thus the pectinase treatment
resulted in an absorbency and removal of the fibre cuticle
comparable to the chemical process.
3.2. Bio-generation of hydrogen peroxide for bleaching
3.2.1. Enzymatic production of hydrogen peroxide
Various experimental conditions, e.g. enzyme and sub-
strate concentration for the production of peroxide were
tested. Aeration was found to be of outstanding importance
for the production of hydrogen peroxide, and for identical
initial conditions the amount of peroxide produced in-
creased 2-fold (Fig. 1). The enzymatic process reached a
plateau (Fig. 1, and 2) probably due to decrease in substrate
concentration or inactivation of the enzyme during the time.
This flat level was reached faster with higher enzyme con-
centration, which is related to faster substrate transforma-
tion. The same quantity of peroxide might be produced with
lower enzyme concentrations, however the process becomes
quite time consuming. Both time and cost considerations
should be taken into account when choosing the appropriate
enzyme concentration.
3.2.2. Bleaching of bio-scoured fabrics
Desized cotton fabrics, scoured with two types of pecti-
nases: alkaline, and acidic were bleached (pH 10–11, 90°C,
60 min) with enzymatically produced peroxide (0.408 g/li-
ter after 4 h enzyme reaction of 22.68 U/ml GOX and 20
g/liter Glucose, Fig. 2). The increase in whiteness of the
Table 1
Parameters for evaluation of the scouring effect
Enzyme Medium Absorbency
(%)
Weight loss
(%)
Whiteness K/S dyed
fabrics
Pectinase 62L Distilled water 240 1.8 — —
Bio Prep
3000L
Distilled water 243 1.7
Sandozin 2 2 — —
Distilled water 250 1.5 — —
Pectinase 62L Sandozin 1 4.7 26.3 0.60
Bio Prep
3000L
Sandozin 1 4.6 25.5 0.57
NaOH Sandozin 1 6.3 34.7 0.51
Fig. 1. Peroxide production from 20 g/liter glucose and 3.78 U/ml GOX.
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alkaline scoured fabrics was larger (with 73% compared to
the initial whiteness of scoured fabric) than for the acid
scoured samples (whiteness improvement 65%), while both
fabrics reached a similar degree of whiteness –66.1 and
66.4 respectively, after the bleaching process. Although the
alkaline pectinase scouring itself resulted in lower white-
ness than the acidic enzyme treatment (Table 2), it was
favorable to the subsequent bleaching process as was pre-
viously reported [20]. The results from the bleaching with
enzymatically produced peroxide were comparable to the
results obtained with a standard bleaching process (0.17
g/liter hydrogen peroxide according to the recipe –4%
o.w.f., 35% H2O2), and the colour difference (E*) between
the fabrics bleached chemically and with bio-generated per-
oxide was within 1 CIELab unit.
Surprisingly, the quantity of the enzymatically-produced
peroxide needed to achieve the same bleaching effect as in
the standard bleaching process was nearly twice higher
(0.408 g/liter). One possible explanation is that the added
glucose protects the cotton from the bleaching action, acting
as a substrate for bleaching and oxidation, thereby consum-
ing the peroxide. However, bleaching experiments con-
ducted with glucose concentrations ranging from 5 to 20
g/liter, and without fabric, showed that the glucose had a
stabilizing effect on the hydrogen peroxide, retarding the
bleaching process (Fig. 3). When in the bleaching bath there
is no glucose (respectively gluconic acid) the peroxide is
degraded too fast without accomplishing its bleaching ac-
tion. Up to certain concentration the presence of glucose in
the bleaching bath improves the whiteness of the bleached
fabric. However, further increase in glucose concentration
reduced additionally the consumption, and at the same times
the bleaching power of the peroxide, where from higher
initial peroxide concentrations were needed to ensure an
adequate bleaching effect. The effect of the presence of
glucose in the bleaching composition on the whiteness of
the fabrics depends strongly on the pH of the bath. At pH
10–11, the whiteness was not affected substantially (E*
0.7), but at pH 12 the glucose caramelised, the solution
became brownish and imparted colour to the fabric instead
of bleaching it (results not shown). On the other hand at pH
12 the hydrogen peroxide loses its bleaching power, and
decomposes into oxygen and water.
A series of experiments were carried out to study the
effect of the presence of protein in the bleaching solution on
peroxide consumption and whiteness of the bleached fab-
rics. The results indicated retarded decomposition of the
peroxide with the increase of protein concentration, which
was reflected in decreased whiteness (Fig. 4). However, the
absence of protein in the bleaching composition resulted in
fast and ineffective consumption of the peroxide. On the
other hand with the increase of the bleaching process tem-
Fig. 2. Peroxide production from 20 g/liter glucose and respectively 15.14,
and 22.68 U/ml GOX, with aeration.
Table 2
Whiteness of the bleached fabrics
Alkaline
pectinase
scouring
Acid
pectinase
scouring
Whiteness after scouring 25.5 26.3
Whiteness after std. peroxide
bleaching
67.5 70.4
Whiteness after bleaching with bio-
generated peroxide
66.1 66.4
Colour difference between chemically
and enzymatically bleached fabrics
0.4 0.8
Fig. 3. Peroxide consumption (initial H2O2 concentration 0.4 g/liter) and
bleaching effect in the presence of glucose in the bleaching bath.
Fig. 4. Peroxide consumption (initial H2O2 concentration 0.4 g/liter) and
bleaching effect in the presence of protein in the bleaching bath.
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perature the protein denaturates and transition from globular
to random coil, open structure occured. The open enzyme
structure facilitates some possible hydrophobic fabric-en-
zyme interaction, and deposition of the denaturated protein
on fabric surface, thereby protecting it by the bleaching
action of the peroxide.
3.3. Reuse of enzymatic desizing baths for production of
hydrogen peroxide and subsequent one-step scouring/
bleaching process
Raw cotton woven fabrics were desized with amylase
(Rapidase L40), and glucose/GOX enzymatic system (20
g/liter glucose, 15.14 U/ml GOX) was added to the desizing
liquor. The solution was stirred and aerated until sufficient
level of peroxide production was reached. The enzymati-
cally produced hydrogen peroxide was activated setting the
pH to 10–11, and the fabrics were treated at 90°C for 60
min, thereby performing the scouring and bleaching process
in a single step. The combined scouring and bleaching
process is suitable when a very high whiteness is not
needed. Advantageously, the entire process was carried out
in the residual desizing bath, and no fresh water was added,
enabling considerable water savings. The desizing bath was
a source for substrate (glucose) in the enzymatic peroxide
generation as used for bleaching of the previously bio-
scoured (acid pectinase Pect 062L) fabrics as well. The
previous bio-scouring, e.g. the separation of the scouring
and bleaching processes, improved the whiteness of the
fabrics (Table 3). The single step procedure was not able to
reach the whiteness of the fabric treated with the conven-
tional bleaching process, probably due to contamination of
the reused desizing/scouring/bleaching bath, and decreased
bleaching power of the peroxide.
4. Conclusions
In this research the scouring efficiency of two types of
pectinases—acidic and alkaline, was investigated. The bio-
scoured fabrics were bleached afterwards with enzymatical-
ly-produced hydrogen peroxide. A single step scouring/
bleaching process, reusing residual desizing bath, was
developed as well. The alkali pectinase had similar perfor-
mance to the acidic enzyme, however in lower concentra-
tions, which is beneficial from an economic point of view.
Surfactants were necessary to achieve adequate removal of
the fibre matter, and to render the textile structure accessible
for further finishing treatment. The advantages coming from
the bio-scouring operation could be increased provided an
appropriate enzymatic, hydrogen peroxide generating pro-
cess for bleaching being available. In the enzymatic pro-
duction of hydrogen peroxide several important features
were outlined: the oxygen aeration was of outstanding im-
portance for the production of peroxide, and increased
2-fold the activity of the glucose oxidase; the quantity of the
enzymatically produced peroxide needed was 2-fold higher
than in the standard bleaching, to reach the same degree of
whiteness due to the stabilisation effect of the glucose and
protein present in the bleaching bath. Best activation of the
enzymatically-produced peroxide was achieved at high tem-
perature (90°C) and alkaline medium. However at pH 
11.5 and high temperature the glucose caramelised and
imparted colour to the fabric, instead of the expected
bleaching effect. Reusing the desizing baths as an additional
source for glucose in the enzymatic peroxide generation,
and performing a single step scouring and bleaching process
might realise significant water savings, though the process
has to be further improved. Summarising our results a
closed-loop enzymatic desizing-scouring-bleaching process
seems to be possible and economically attractive.
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